Abstract: The frequently discussed gap between conservation science and practice is manifest in the gap between spatial conservation prioritization plans and their implementation. We analyzed the researchimplementation gap of one zoning case by comparing results of a spatial prioritization analysis aimed at avoiding ecological impact of peat mining in a regional
Resumen: El frecuentemente analizado vacío entre la ciencia de la conservación y su práctica está manifiesto en el vacío entre los planes de priorización de conservación espacial y su implementación. Analizamos el vacío de implementación de la investigación en un caso de zonación al comparar los resultados de un análisis de priorización espacial enfocado en evitar el impacto ecológico de la minería de turba en un proceso de zonación regional con el plan final de zonación. Examinamos el proceso relativamente complejo de planeación para determinar los vacíos entre la investigación, la zonación y la toma de decisiones. Cuantificamos los costos ecológicos de las compensaciones discrepantes entre los factores ecológicos y socioeconómicos incluidos en las diferentes sugerencias de zonación comparando la pérdida a nivel de paisaje de las características ecológicas (ocurrencia de especies,área del hábitat, etc.) entre las diferentes soluciones para la asignación espacial de la minería de turba. También analizamos junto con los científicos y los planificadores las razones de las diferentes sugerencias de zonación. El plan implementado discrepó de la sugerencia de los científicos en que su enfoque eran las características ecológicas individuales en lugar de todas las características ecológicas para las cuales se tenían datos; los planificadores y quienes toman las decisiones consideraron los efectos de la minería de turba enáreas que no se incluyeron en el análisis de priorización; la zonación no fue vista verdaderamente como un proceso de asignación de recursos y enfatizó en general la minimización de las pérdidas ecológicas mientras se satisfacían las necesidades económicas (el potencial de minas de turba); y quienes toman las decisiones basaron su priorización de sitios en información a nivel
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Introduction Game et al. (2013) summarized reasons why scientific conservation priority-setting exercises frequently fail to be implemented. This research-implementation gap is a serious problem in individual cases and a challenge to applied scientific effort in general (Ehrenfeld 2000; Cabin 2007; Hulme 2014) . It has been identified and discussed in the literature of conservation science (e.g., Ehrenfeld 2000; Knight et al. 2008 ) and restoration ecology (e.g., Cabin 2007; Giardina et al. 2007 ). Progress toward better alignment between conservation scientists, planners, and decision makers has been frustratingly slow. However, scientists have suggested several approaches and methods to improve the usefulness of conservation prioritization results. It is intuitively important to report failures in implementation for the lessons' sake (Redford & Taber 2000; Knight 2006 ). Applying research in decision making may also be beneficial if methods can be simplified and common sense is used to avoid oversophisticated analyses and experiments (Cabin 2007) . Knight and Cowling (2007) call for conservation planning to support the use of arising opportunities (e.g., willingness of landowners to protect their land), whereas Pressey and Bottrill (2008) clarify the difference between systematic conservation planning in distancing decision making and harmful opportunism. Furthermore, better psychological understanding of human decision making could help close the gap between research and its implementation (Gilbert 2011) . Conservation decision making is fundamentally a matter of resource allocation, and recognition of this could help identify better trade-offs between ecological and socioeconomic factors (Game et al. 2013) . Credibility, legitimacy, and relevance of scientific solutions are increased and society's demands better defined when science-policy interfaces are constructed more openly (Young et al. 2014) , and scientists should see the implementation interface as a multidimensional space rather than as a series of gaps and broaden their perspective on decision-making processes, socially, psychologically, and through problem-solving skills (Toomey et al. 2016) . Finally, several implementation approaches expressly address bridging the gap between conservation planning analyses and decision making by offering operational models for more effective implementation (e.g., Margules & Pressey 2000; Knight et al. 2006 Knight et al. , 2011 .
Inspired by these discussions, we examined the case of a spatial prioritization exercise conducted to avoid ecological impacts of peat mining in a regional zoning process (Kareksela et al. 2013) . We investigated the differences between a scientifically based prioritization outcome, prioritizations suggested by planners, the published zoning plan negotiated between stakeholders, and the final plan that incorporated the changes requested by decision makers of the highest authority. We then further analyze the consequent ecological and economic costs of the gap between research, planning and implementation, and illustrate how quantitative and qualitative trade-offs in resource allocation projects can be exposed through replacement cost analysis (Cabeza & Moilanen 2006) .
Methods

Spatial Prioritization Analysis
In our original spatial prioritization analysis of 306 peatland areas in Central Finland (Kareksela et al. 2013) , we prioritized areas to provide an economically viable set of peat mining areas that would least reduce landscape-level ecological values. Thus, we combined environmentalimpact avoidance via spatial prioritization and conflict resolution between biodiversity conservation and resource extraction. In the analysis, we considered spatial data on multiple peatland-ecosystem types, their condition, threatened species, and bird territories. We built the model to emphasize complementarity, irreplaceability, connectedness, and ecological and economic costeffectiveness based on economic value of the prioritized peatland areas (Supporting Information). After in-depth discussions with the authorities responsible for the zoning plan, we concentrated the analysis on avoiding harmful effects of peat mining on biodiversity at landscape level and did not consider ecosystem services, except for the ecosystem service of the peat mining, the value of which was considered a trade-off between remaining biodiversity value and economic gains.
Our method allowed prioritization over the entire landscape, provided a ranking for each peatland area, and revealed the trade-off between ecological and economic values by iteratively removing areas from the landscape (to peat-mining use) and heuristically minimizing ecological losses and maximizing peat-mining profits (Kareksela et al. 2013 ). Site-specific economic value of peat mining was represented as proportion of each peatland area or peat pool suitable for peat mining, which is a common way to measure peat-mining potential in Finland. Although only a proportion of a peatland pool's area (peat depth >1.5 m) is considered profitable for mining, the entire area usually loses its ecological peatland characteristics because its hydrology is strongly affected by ditching methods used in harvesting. The proportion of the peatland sites' area suitable for mining can be used to estimate site-specific peat-mining potential. To minimize the ecological losses while satisfying economic targets, one must consider the site-specific mismatch between the 2 factors (Kareksela et al. 2013) .
Zoning Process and the Use of Information
Our (S.K., A.M., and J.S.K.) original spatial prioritization analysis (Kareksela et al. 2013 ) was commissioned by the Regional Council of Central Finland (O.R. and R.V.), who provided us with substantial economic and biodiversity data on the region. These spatial data and the prioritization results formed a major input into the planning process, during which the preliminary plan was modified according to comments by different stakeholders. Major parties in the zoning planning process were the Regional Council of Central Finland, which is responsible for zoning plans in the area, and a stakeholder group assembled to comment and make decisions on different elements related to the zoning plan. Although the prioritization analysis was described to the stakeholder group, it was mainly used by the regional-council planning authorities who commissioned the analysis to support their planning work. The stakeholder group originally declined to consider the results of the prioritization analysis as a tool for their work. A multiobjective analysis of sitespecific hydrological effects of potential peat mining was also conducted, but its results were not available when the ecological spatial prioritization analysis was being conducted. The final land-use zoning plan was agreed on and made public by the regional council in 2013. With moderate changes, it was approved by the Ministry of Environment in 2014. The plan was challenged in Supreme Administrative Court, but complaints were finally rejected and the plan became legally binding in 2016 ( Fig. 1) .
Investigation of the Alternative Solutions
Here, we analyzed the difference between 7 zoning plans: 4 versions of a spatial prioritization analysis; a suggestion developed by the planning authorities (mainly O.R. and R.V.); the final plan, which was negotiated as a compromise between expert opinion and local stakeholder desires; and the final plan changed according to demands of the Ministry of the Environment. We compared these plans in 3 respects: the number of sites for which the prioritization analysis-based suggestion for land use (hereafter scientists' suggestion) differed from the suggestion of the planning authorities (hereafter planners' suggestion) and the final zoning plan; how well different zoning plans performed in terms of ecological and economic value; and the causes behind the differences among alternative plans. For ecological and economic values, we compared the marginal ecological losses and economic gain among solutions; that is, we determined to what extent the key peatland biodiversity elements were maintained in the landscape if sites identified for mining were drained and mined and key biodiversity elements were lost from these sites. We calculated the proportion of these elements (e.g., proportion of the total area of an ecosystem type in the analysis or proportion of species occurrences or bird territories; Table 1 ) remaining after the exclusion of the proportion that existed on areas allocated to peat mining in the focal scenario.
More specifically, the 7 scenarios compared were scientists' suggestion based on the original inverseprioritization analysis and avoidance of ecological impacts (Kareksela et al. 2013) ; scientists' inverse prioritization suggestion with more peat extraction (stakeholder mandated); scientists' suggestion excluding certain sites from peat mining because of high expected damage to surface waters and recreational value; planners' suggestion; final land-use zoning; final land-use zoning changed according to the Finnish Ministry of the Environment; and scientists' suggestion modified to follow the demands of the Finnish Ministry of the Environment.
We also performed 3 replacement-cost analyses (Cabeza & Moilanen 2006) to quantify ecological and economic trade-offs among alternative plans (Kareksela et al. 2013) . We estimated, for example, how one's ability to avoid losses on most threatened peatland ecosystem types would be reduced if some sites were excluded from the set of areas suggested for peat mining but the peatmining target remained the same. In this case, sites that could not be mined were replaced with sites originally suggested to be saved from mining but which in the analysis had the lowest value out of the sites to be saved (i.e., the prioritization analysis provided continuous ranking over the landscape, which made it possible to replace sites with the next best options). The effect of forcing a suboptimal solution (relative to results of the original prioritization) then would either decrease the ecological value of the solution (if peat-mining sites were replaced with sites of slightly higher ecological value) or the economic value (if not replaced). One replacement-cost analysis was for forcibly increased allocation of area suitable for peat mining (as mandated by stakeholders), and the other 2 were for forced retention of sites with potential surface-water effects, following the planners' suggestion and demands by the Ministry of the Environment. Numeric comparison of the performances of different suggestions may be biased because the final plan may have been influenced by considerations (e.g., local politics and legislative issues) that were not represented by spatial data. Therefore, the planning process was evaluated together with the scientists and the authorities who commissioned the prioritization analysis (O.R. and R.V.) and were responsible for the zoning. We examined the process and the reasons behind differences between the scientifically based prioritization and the actual zoning plan. The leading planning authorities were the zoning project leader, an expert on peat mining (O.R.), and leader of the ecological evaluation, an expert on peatland biology (R.V.). The differences behind the 2-way information gap were defined through discussions among the authors due to the low number of people involved (the authors).
Results
The actual zoning process was complex (Fig. 1) , and the zoning plan evolved through 5 stages at different administrative institutions. It was commented on twice by the stakeholder group and 4 times by landowners and others affected by the zoning. The most time-consuming phase was circulation of the plan among planners, stakeholders, midlevel decision makers (Managing Board), and landowners and other interested citizens. Most of the area-specific zoning suggestions were agreed upon among parties in this phase. The Finnish Ministry of Environment required the modification that 40 sites, originally planned for peat mining, be zoned unsuitable for peat mining (mainly due to possible harmful effects to nearby water systems based on a separate hydrology analysis) in the fourth planning stage, and then stakeholders were allowed to comment on the plan. All legal challenges were rejected, and the plan was approved by the Supreme Administrative Court.
Scientist and planner suggestions differed for 102 of 301 peat-land areas. In the prioritization analysis (Kareksela et al. 2013), 35 of these areas were designated for peat mining and 67 were designated as not for peat mining. Similarly, the scientists' suggestion differed from the final zoning for 107 areas (50 areas for peat mining and 57 not for peat mining). Planners' suggestion and the final zoning plan differed for 71 sites (41 sites suggested for peat mining by planners were not in the final plan). For 30 sites the situation was the reverse. Although differences were mostly for sites that had intermediate ranking according to the prioritization analysis, there were also notable differences for sites that had very high or low priority rank in the prioritization analysis. We explored the zoning report to investigate the arguments for the zoning decisions for individual peatland sites when the final zoning and the scientists' suggestions differed. Expected negative effects of peat mining to local surfacewater systems and possible risks (negative effects) of peat mining to nearby NATURA 2000 network areas were the most common arguments for zoning sites not for peat mining in the cases where the sites were allocated for peat-mining use in the scientists' prioritization ( Table 2) .
The greatest differences in the conserved proportions of ecological features were between the scientists' suggestion and the final land-use plan (Table 1) . The prioritization-analysis-based plan delivered on average 12 percentage points more representation (i.e., arithmetic difference in the remaining proportions of ecological features between solutions) across all biodiversity features in areas designated as not for peat mining (Table 1 ). The scientists' suggestion would have achieved 40% less loss (proportional difference in the fractions of ecosystems and species occurrences remaining in different solutions) of peatland ecosystems and species. Scientists' suggestions provided 6% (3 percentage points) less area suitable for peat mining and 13% (6 percentage points) less combined total peatland area allocated to peat mining, an outcome that resulted from the scientists' suggestion to allocate fewer but resource-richer areas for mining.
The use of one of the key elements of the prioritization analysis, ecological cost-effectiveness, was not properly transferred from the scientists to the planners or to the final zoning plan. On average 42% of a peatland's area (of 306 prioritized peatland areas) contained peat that was profitably minable (i.e., >1.5 m deep). In comparison, areas that planning authorities suggested for mining that were not suggested for mining by scientists had an
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Volume 32, No. 1, 2018 average peat-mining potential of 33%. In contrast, areas suggested for peat mining by scientists but not by planners had an average peat-mining potential of 48%. Higher peat-mining potential means that the same amount of actual peat-mining area can be achieved through smaller total area of peatlands drained (see "Methods" section).
Replacement-cost analyses showed the trade-offs related to a forced solution (Table 1) . For example, forced larger peat-mining gains resulted in a moderate 3 percentage points decrease in mean ecological value, but the representation of vulnerable, near threatened, and rare species declined 9 percentage points between the original scientists' suggestion and scientists' suggestion with forced exclusion of areas to meet higher peatmining demands. According to the planning authorities (O.R. and R.V.), these potentially significant trade-offs revealed by the replacement-cost analysis were not quantitatively investigated in the decision-making process.
Discussion
The ability of prioritization-analysis experts to identify the most cost-effective spatial resource allocation clearly exceeds the ability to act on this knowledge . Lack of optimal information exchange among researchers, planners, and decision makers was evident in our case study. Perhaps the clearest indication of the gap between research and implementation was the difference between the scientists' suggestion and the preliminary zoning plan, given that the results of the prioritization analysis and the scientists' recommendations were delivered directly to the planners (O.R. and R.V.).
During discussions of the differences between the zoning scenarios, we identified 4 main reasons why zoning plans differed substantially (Table 1) . First, threatened species have higher legitimating power than other biodiversity features, which explains why they had relatively high occurrence levels both in the planners' zoning suggestions and in the final zoning plan (Table 1) . Although it is valid to pay attention to threatened species in decision making, their occurrence data may be biased and preserving endangered species may not protect overall biodiversity and ecosystem functioning. Furthermore, the data on known threatened species occurrences used in all the plans (by scientists and planners) were for vulnerable, near threatened, and regionally threatened or rare species, whereas the ecosystem types ranged from near threatened to critically endangered, and the ecosystems in the comparison in Table 1 included critically endangered and endangered ecosystems in pristine or near pristine condition. Based on the trade-offs in the zoning scenarios and the reasons for these trade-offs (Table 1) , it was evident in the planners' suggestions and the final zoning plan that the presence of a vulnerable species on a site outweighed the landscape-wide representation of pristine and near pristine critically endangered and endangered peatland ecosystems.
Second, plans changed in the process as additional environmental data were considered (hydrological analysis on the effects of peat mining and strict considerations of the proximity of Natura 2000 areas; Table 2 ), which created further trade-offs and ultimately lead to decreased retention of the focal ecological features (Table 1 & Supporting Information) in the final zoning plan. The sites had been preselected to be candidates for peat mining (e.g., protected areas and other large and ecologically valuable and intact areas were excluded) so that no clear categorical reasons (such as the proximity of Natura 2000 areas) should have existed for forcing peat-mining zoning without ecological-economic evaluation of trade-offs and replacement-cost analyses.
Third, we found empirical support to points made by Game et al. (2013) . Cost-effectiveness resulting from the use of data on peat-mining potential (i.e., site-specific economic value) was significantly outweighed by sitelevel ecological-environmental factors (i.e., habitat and species occurrences at site level) in the planners' suggestion and the final plan. Considering economic returns, as in the prioritization analysis, would have made it possible to meet peat-mining goals while minimizing total mined area and thereby leading to an overall higher retention of ecological and environmental values (Table 1 ) (e.g., Margules & Pressey 2000; Naidoo et al. 2006; Kareksela et al. 2013 ). This together with the fact that some relevant political and environmental factors (Table 2) were introduced only after the systematic prioritization analysis had been completed demonstrates a shortcoming of seeing these factors as part of the same resource-allocation process (Game et al. 2013 ). This failure is attributed to both the scientists and the planners; we failed to properly identify a priori all relevant decision criteria based on data available for the prioritization analysis.
Fourth, it became apparent during the planning process (Fig. 1) that the expert opinion of the planning authorities (e.g., authors O.R. and R.V.) tended to emphasize the importance of individual sites over the landscape-level solution, which differs substantially from the complementarity-based approach typically used in spatial conservation prioritization (e.g., Kareksela et al. 2013 ). This issue is closely related to the failure to see zoning as resource prioritization and cost-effective resource allocation (Game et al. 2013) . The danger in focusing on individual sites is that interests of stakeholders and local considerations are overemphasized in the trade-off between individuals and the common good, and the balance of the solution as a whole is less than what it could be (Ahlroth & Kotiaho 2009) . In other words, complementarity and cost-efficiency end up being deemphasized and the performance of the overall solution is lessened. In contrast, the planners, who in this case were also the midlevel authorities, most often needed to justify their
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Volume 32, No. 1, 2018 suggestions at the level of individual sites. Although authorities at the highest level may see the overall results of the prioritization analysis as a valid argument for the individual sites, the same may not be the case for landowners or the law should landowners challenge the legitimacy of the decision on a specific site. In Finland this at least partially explains the increased weight given to legitimating ecological features (usually some specific species), which here manifested as elevated occurrence levels of endangered species in the final zoning suggestion. When there are many competing factors, it is not easy to claim the superiority of one solution over another. However, there are quantitative ways to evaluate trade-offs. For example, trade-offs between single sites and a landscapelevel solution can be evaluated by replacement-cost analysis (Cabeza & Moilanen 2006; Kareksela et al. 2013) (Table 1) , which makes explicit the losses and gains that follow from potentially suboptimal decisions.
Perhaps the most striking lesson from the scientists' perspective was the complexity of the decision-making process (Fig. 1) . The fact that the planners' suggestion and the final zoning plan still differed in 71 sites of 300 shows there are multiple gaps in the knowledge transfer interactions of the process. As Fig. 1 further illustrates, the challenge for applied conservation science is to transmit the scientific information developed on multiple occasions to multiple institutions within a single zoning process. The operational models suggested for improvement of implementation also add complexity to situations that usually are already complex (Young et al. 2014) . Following the suggestion of, for example, Knight et al. (2006 Knight et al. ( , 2011 would have left us trying to tackle the complex decision-making process ( Fig. 1) with something that the authors describe as an operational model of "complex, heuristic, web-like structure" with nearly twenty different steps. Implementing prioritization analysis becomes increasingly complex as the number of stakeholders involved increases because of the need to reconcile an increasing number of conflicting perspectives. In a stepwise process, as we had here, implementation of a scientifically based and cost-effective solution is no longer about a gap but about multiple gaps that may be difficult to perceive in advance, as shown by our results (Fig. 1) . In addition to making the science-policy interface work better (Spierenburg 2012; Young et al. 2014) , conservation scientists need to rethink whether it is complex operational models of implementation strategies or simplified, reduced prioritization analyses that best help bridge the gaps. As pointed out by the planners (O.R. and R.V.), the prioritization analysis would have benefitted from being implemented earlier in the process (i.e., the preparatory phase of the zoning project). Starting the implementation process early enough is of course emphasized in many operational models for prioritization (Margules & Pressey 2000; Knight et al. 2006 Knight et al. , 2011 . In the present case, S.K., A.M., and J.S.K. did not become engaged in the project until after it was already underway. This is unlikely a unique situation, and best implementation practices are still to be identified for the circumstances where the optimal implementation pathway is no longer available.
In an ideal world, increased communication through the planning process (e.g., Young et al. 2014) would have improved both the analysis and its uptake and reduced ecological impacts of peat mining. Such communication and proper identification of objectives is part of the standard process of systematic conservation planning (Margules & Pressey 2000; Pressey & Bottrill 2008) . Spatial plans such as the one in Kareksela et al. (2013) have to be developed under potentially severe constraints on time, money, and work force. For this reason, good a priori availability of spatial biodiversity data is of primary importance for the timely delivery of high-quality policyrelevant spatial prioritizations. If data are available, it is possible to concentrate on developing the utility of the analysis itself. If data are not available, much time may be spent on data collection. Moreover, development of the analysis structure with stakeholders is hindered when there is uncertainty about availability of ecological information on the prioritized areas. Early availability of data facilitates easier communication throughout the process and allows multiple iterations of the analysis and customized comparisons that reveal the ecological and economic costs of compromises to stakeholders, which then facilitates improved relevance of the final outcome. In addition to time and money, education and capacity building are needed for administrative personnel and scientists (e.g., Toomey et al. 2016 ) because quantitative analyses are more likely to be ignored when administrators or stakeholders lack familiarity with spatial prioritization or systematic planning and when scientists lack social perspective in creating analysis models. We agree with Walsh et al. (2014) that this knowledge gap may lead to neglecting results that are not as self-evident as, for example, the number of threatened species per site. Now that methods exist for large-scale, high-resolution, multifeature spatial prioritization, long-term investment in the development and maintenance of data and proactive offering of information on different analysis possibilities (e.g., Dicks et al. 2014 ) becomes more relevant than ever.
We emphasize, first, that to design a socially relevant and ecologically effective prioritization analysis it seems there cannot be too much interaction between all the different parties on the sides of the multiple gaps in the process. However, the problems to be solved are wicked by nature (Game et al. 2014 ) and the decision-making processes complex (Fig. 1) , so perhaps more flexible and less hierarchical approaches are needed to implement the latest methods to solve these problems (e.g., Toomey et al. 2016) . Second, the analytic evaluation of the trade-offs within and between different land-use decisions should be highly supported. Looking at the values in Table 1 and the reasons behind them shows there never is absolute
Volume 32, No. 1, 2018 solution; rather, there are different trade-offs, where the weighting of the different elements varies between the analysis solutions (Hirsch et al. 2011 ). However, differences should not be interpreted as meaning all solutions are equal or that no complex analyses or trade-off evaluations are needed. Only through proper evaluation can the most beneficial trade-offs and the potential pitfalls of some suggestions be identified. Biodiversity preservation oriented ecological decision analyses may well lag behind in social relevance, but they represent the ecological or conservation extreme and as such offer a baseline for the nature-conservation perspective in decision making.
